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PVQAT TG3: Humidity Iemperature. \Voltage

A Crystalline Silicon PID
o Shunting: PIE
o Delamination: Pl
A Thin film PID
o Test method consideration
o TCO corrosion

A Combinedstress cycle for better characterization of
PID and other degradation mechanisms
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628041 PHOTOVOLTAIC (PV) MODW ESST METHODS FOR THE DETECTION

POTENTIAINDUCEMDEGRADATION PdrtCrystalline Silicon

Proceduredgo test and evaluate the durability of crystalline silicon photovoltaic (PV) modules to
effects of shortterm highvoltage stress including potentialduced degradation (P)D

PIDshunting (PIBs) & Polarization

Test methods
a) Testing in damp heat using an environmental chamber
severitiesrepresent the minimal stress levels for detection of PID
w °€ChHB5% RH /+ &V,,96 h
w °€C pnd 88C for further acceleration
b) Testingin dry usingAl foll
severities represent the minimal stress levels for detection of PID
w K pPp<60% RH #+ &q V,,168h
w and60°Cfor further acceleration

IEC IEC TS 62804-1
° Edition 1.0 2015-08
TECHNICAL
SPECIFICATION
Photovoltaic (PV) modules - Test methods for the detection of potential-induced
degradation —
Part 1: Crystalline silicon
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Potentialinduced degradation. PiBhunting,Polarization
PIDshuntingNat drift + diffusion througrstacking faults

DLIT,EBIC & FIB TEM ANALYSIS

[ : ) ¥ . )
Identifying the Defect

Stadnng Fault

FIB liftout areas |

() um Si[110]

Harvey Mosely, Hacke, Norman, JohnstodREL) Naumann LauschHahne| Breitenstein HagendorfFrCSP

1) Leakage current from cell through glass to frame and earth
ground, occurs when cell is at high (+) voltage to ground

l
Glass 2) Leaves behind
negative charge on
ARC surface.
3) EVA acts like gate Z
EVA of MOS transistor /

5) Negahve surface charge atlrat:ts
positively charged, light-generated
holes to front, where they recombine
with electrons in n Wpe silicon

+

PIDpolarization pha

4) ARC acts like
insulator of MOs | YPe Sificon

Charges in the passivation layer (SBIQ, |rassior >
ALQO;) attract minority carrier

6) Instead of being collected
at the positive junction
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6007 95%RIA961Y -Vsys test versus In the field

Fraction Pmax Remaing

AGSi modulesexposed to- 1000957 0985 0.982 0984 s |mmcontrol
600 V/ 6@C/85%RH/96 h 0.845
(4 d) degraded 4.3 %. 8 0.75-
AFielded replicas in Florida
(-600 V variable, daytime) g ;.so-
show no degradation in
1836d (5y). | e
¢ Degradationn 2208d (6 ).
60°C 95%RIHI6H -Vsyslevel 000l |

OK to qualify conventional ¥ gL % g %% g
: 3 S ° o % o o S
c-Si modules for natural 3 S = 2 ~ g g N
environment in the A
. s % ge. b, T b b, T
continental USA. 3 5 5 5 5
g U o o o
85°C 95%RIHI6H -Vsyslevel S £ £ s £
In IEC 61216d 3 draft s 3 s 3
(4x more stressful) § § § §
Accelerated TestI Field
More at: HackeNREL/CBJ0070264 Exposure / Exposure Type
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Control of PIBshunting: 6 levels.of PID susceptibility
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Type A passed no PID test
Failed in field

Type B passed 85/85/9G.000 V

Type G;F passed increasingly

higher stress levels: No R

Good control of PID

Degrading 4%ly in first year by
something else

Y. Chen et al. Trina/SERIS/NREL collaborat
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Consideration for PERC cells & oth&iclesigns

PERC: Passivated Emitter Rear Contact

A Front junction same as conventional cells
A Polarization on rear (case of glass substrate module)

o () bias to cells

o (+) charge accumulates in rear passivating dielectric
o Minority carrier electrons in fbase attracted to (+) rear and recombine

A Exposure to light quickly dissipates the charge: complete recovery <

A For this and other
light

Front Ag contact SiN,

N OVWMW N

p-type Cz wafer

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ G G G

Al local BSF

reasons, a better PID testst include the factor of

n-diffused
emitter

— AIO

SiN,

1‘ 1‘ 1‘ 1‘ TLeakagecurrent Electroluminescence: PERC Cell after PID stress

rear, after localized illumination
NREL/SERi&be published
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Consideration for electrochemical corrosion.(+).to,déW/ionization damage

60°C/ 85% RH +1000 V
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Osterwald 2002

A Falloff in shortcircuit current in cells with +)/
to cell
o Optical losses
o Reduction in surface passivation

o Formation of norphotoconvertingdead layer at
front of cell

A Preliminary PELD modeling of QE curves
indicate effect is not explainable by just optica
losses: UV, +V,bias leading toJ.loss

Hacke, Kempf\NREL)
Han (SunPower)



